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Piezoelectric film on elastomeric substrate，can be
widely used in smart systems，for example，stretchable
electronic interconnects and devices，micro-nano elec-
tromechanical systems，and some other techniques of
medical engineering. Recently，Qi et al. ［1］ extended
the concepts of stretchable electronics into the
nanoscale thicknesses piezoelectric ribbons， which
could rationally form wavy ribbon geometries on pres-
trained soft substrates. These structures can accommo-
date significantly higher compressive and tensile posts-
trains. Feng et al. ［2］ also reported a new experimental
method to generate stretchable ferroelectric nanoribbons
with wavy configurations on soft elastomeric substrates.
These stretchable ferroelectric nanoribbons reveal the
certain ferroelectric and piezoelectric properties respon-
ding to large strain deformations. Zhou et al. ［3，4］ pres-
ented an electro- mechanical method to analyze the
buckling and post-buckling of ferroelectric nanoribbons
( thin films) on the soft elastomeric substrates.
In this paper，the local buckling of stiff piezoelec-
tric film on elastomeric substrate，which in turn freely
slid on a rigid support，has been investigated. Compa-
ring with the former studies based on the perfect inter-
face between the soft layer and the rigid support，the
effect of interfacial constrain condition at the bottom of
the soft layer is examined.
1 Mathematical model
Consider a piezoelectric thin film of thickness h，
poled in the thickness direction，bonded to a pre-
stretched compliant layer of thickness H，which freely
slid on a rigid support，as shown in figure 1. Initially，
the piezoelectric film is flat，when the pre-strain is re-
leased，the film will buckle.
Fig. 1 A schematic of the model structure
The electrostatic potential Φ in the film could be
expressed as［3，5］
Φ = Φ( 0) +
x3
h Φ
( 1) + 4( x3 － h /2)
2
h2
－[ ]1 Φ( 2)
( 1)
where Φ( 0) ，Φ( 1) ，Φ( 2) denote reference，applied
and inductive electric potentials，respectively. Ignore
the weak initial electric field and assume the film is
covered fully by electrodes，which are shorted. So，
Φ( 0) and Φ( 1) are equal to zero，Φ( 2) is related to flex-













where w and u represent the deflection and the in-
plane displacement，respectively.
By using the fundamental lemma of calculus of va-
rious to the enthalpy of piezoelectric film，we obtain

































33 are the effective material
constants of the piezoelectric film［6］，N is the in-plane
membrane force，T is the shear traction，and q is the
pressure.
Based on the governing equations，the deflection
w and electric potential Φ( 2) could be assumed as
w = Acos kx1，Φ
( 2) = Bcos kx1 ( 4)
where A and B are the amplitudes of deflection
and electric potential，and k is the wave number.
Ignore the shear traction and the in-plane dis-
placement，the average in-plane membrane force N and




2k2 － ε( )pre ，T = Nx1 = 0 ( 5)
where εpre is pre-strain of compliant layer. Inser-














pk2 ( 14 A
2k2 － εpre ]) w = q ( 6)
Considering the soft layer subjected to plane strain
deformation. The elastic boundary value problem could
be solved，and the boundary conditions of the soft layer
become
x3 = － H: u3 = 0，σ31 = 0
x3 = 0: u3 = Acos kx1，σ31 =
{ 0 ( 7)
We can obtain the vertical stress on the top sur-




where cb11 is the material constant of the layer，and
g = 12［coth( kH) + kHcsch
2 ( kH) ］ ( 9)


















The expression for N is the same as the former
study［3］，but g is different. Among all the bifurcation
modes，N will first reach the minimal value，therefore，
kc can be obtained from the condition N /k = 0 . Fur-
thermore，the characteristic wavelength λ = 2π / k can
be obtained easily. Inserting kc into eq. ( 10 ) ，the
critical membrane force Nc can be obtained，and the
critical strain can be expressed as
εc = Nc /hc
p
11 ( 11)
Once the pre-strain εpre exceeds the critical strain εc ，
the film will buckle.
2 Numerical results and discussions
The PZT—5H piezoelectric ceramic film ( h = 1
μm ) with the poling direction along the ox3 axis direc-
tion and the PDMS substrate are employed for the nu-
merical analysis. The corresponding material
constants are［5］
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cp11 = 6. 55 × 10
10 ( N /m2 ) ，ep31 = － 23. 2( C /m
2 ) ;
珔ε11 = 2. 04 × 10
－8 ( F /m) ，εp33 = 1. 76 × 10
－8 ( F /m) 。
The former study［3］ is based on the perfect condi-
tion between the soft layer and the rigid support，in
which case the function g is described as
g =
( 3 － 4vs ) cosh( 2kH) + 5 － 12vs + 8vs
2 + 2( kH) 2
( 6 － 8vs ) sinh( 2kH) － 4kH
( 12)
Fig. 2 The characteristic wavelengths are the functions




Fig. 3 The critical strains are the functions of thickness
ratios with various elastic property ratios cb11 / c
p
11 .
In figs. 2 and 3，the characteristic wavelength un-
der sliding interface condition is larger than that under
perfect interface condition for thin soft layer; while the
contrary situation for critical strain. When the soft lay-
er is much thicker than the thin film，the interface con-
dition between the soft layer and the rigid support will
have little effect on the characteristic wavelength and
critical strain. So，interface condition between the soft
layer and the rigid support has obvious effect on the
buckling of stiff thin film.
3 Conclusions
In this paper，we analyze the local buckling of
stiff piezoelectric film on elastomeric substrate，which
freely slid on a rigid support. Employing the nonlinear
governing equations for the thin piezoelectric film and
the boundary value problem solution for the soft layer，
based on the equilibrium condition，the critical strain
and characteristic wavelength ( or wave number) of the
buckles for substrates of various Young’s modulus and
thickness are obtained and discussed. The effect of
bonding conditions between the soft layer and the rigid
support is investigated.
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Optimal Analytical Procedure for Measuring Glass Transition
Temperature of Styrene-Maleic Anhydride Copolymer
MENG Gen，XU Zhong-qiang，ZHU Hai-yan
( Shanghai Research Institute of Petrochemical Technology，SINOPEC，Shanghai 201208，P. R. China)
［Abstract］ Styrene-maleic anhydride ( SMA) copolymer is a commercially heat resistant materials and compati-
bilizer bearing reactive anhydride groups. The effects of atmosphere，heating rate，sample mass and flow rate of
carrier gas on glass transition temperature of SMA were also investigated by differential scanning calorimetry ( DSC)
. N2 is preferred as the carrier gas. Moderate carrier gas flow rate，heating rate and sample mass help to obtain rel-
atively accurate results. The results indicate that Tg of SMA was measured preferably with the sample mass of about
10 mg，N2 flow rate of 40 mL /min and heating rate of 20 ℃ /min，which is proved appropriate by dynamic mechan-
ical thermal analysis.
［Key words］ DSC styrene-maleic anhydride copolymer DMTA polymeric blend glass transi-
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The Research on the Surface Oxidation Modification of Activated
Carbon and Its Adsorption Mechanisms of Organic
Matter and Heavy Metal Ions
YANG Ying1，LI Lei1，SUN Zhen-ya2，DU Lu2
( School of Resource and Environment Engineering1，
Center for materials Research and Analysis2，Wuhan University of Technology，Wuhan 430070，P． R． China)
［Abstract］ The main types of surface oxygen groups on actived carbon is reviewed，and compared the Boehm ti-
tration with FT-IR which are the mostly used to analysis the surface oxygen groups on actived carbon. The adsorp-
tion mechanisms on organic functional groups and heavy metal ions are summaried. Finally，the study of surface ox-
idation modification of actived carbon is forecasted. The importance of studying the actived carbon as supporter of
the nano-materials in the process of photocatalysis is also specially emphasized.
［Key words］ activated carbon surface oxygen groups oxidation modification adsorption mechanism
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Effect of Boundary Conditions on Buckling of Piezoelectric
Thin Films on Elastomeric Substrates
FU Zhi-peng，ZHOU Zhi-dong
( College of Materials，Xiamen University，Xiamen 361005，P． R． China)
［Abstract］ The mechanics of local buckling of piezoelectric thin films bonded to the pre-stretched compliant lay-
er is studied，which in turn freely slid on a rigid support. Comparing with the former studies based on the perfect
interface between the soft layer and the rigid support，the effect of interfacial constrain condition at the bottom of the
soft layer is examined.
［Key words］ local buckling piezoelectric film pre-stretched compliant substrate boundary condition
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